Aging is associated with a chronic low-grade inflammatory process characterized by an increased production of inflammatory mediators. These elevated levels are predictors for muscle function (sarcopenia) and deterioration of physical performance in the elderly. Objective: To investigate the correlation between sarcopenia, functional capacity, and interleukin-6 levels. Materials and methods: This crosssectional study assessed a convenience sample of elderly individuals (n = 130) using a handgrip dynamometer (JAMAR™), and the functional capacity test was performed by sitting and standing. Interleukin-6 levels were determined using high sensitivity ELISA kits. Spearman correlation coefficient was used to assess the correlation between these variables, at a significance level (α) of 0.05. Results: There was significant Pereira DS, Cipriano VF, Amorim JSC, Queiroz BZ, Felício DC, Pereira LSM. 478 inverse correlation between strength and function (rS = -0.273, p = 0.002) such that elderly individuals with lower peak force took longer to perform the sit-to-stand test, in contrast with the relationship between plasma interleukin-6 levels and strength (rS = -0.043, p = 0.624) or functionality (rS = -0.060, p = 0.501). Conclusion: The outcome measures analyzed could predict the decline in muscle strength and functional capacity, and may be indicative of sarcopenia in elderly individuals. There was no correlation between the interleukin-6 levels and the grip strength and functional capacity of the sample investigated. [P] Keywords: Sarcopenia. Muscle strength dynamometer. Interleukin-6. Aged.
Introduction
In contrast to developed countries, Brazil's aging population has increased rapidly over the last few decades (1) . Elderly individuals experience not only various age-related conditions, but also a physiological process known as senescence, which can considerably worsen their clinical conditions (2) . Among these, sarcopenia is particularly important.
Sarcopenia is characterized by the slow and progressive loss of muscle mass, strength, quality, and quantity, independent of the presence of diseases, even in physically active individuals (3) . However, the mechanisms underlying sarcopenia are unclear, and it is also unclear if it causes or is caused by other medical conditions in elderly individuals.
There is evidence that inflammatory mediators such as tumor necrosis factor-alpha (TNF-α), interleukin (IL-6), C-reactive protein, and IL-10 interact with the hormonal changes inherent to aging, thus causing a decline in physical activity and fat replacement of muscles (4) , which simultaneously lead to volumetric muscle loss (5) . High levels of these cytokines were established as predictors of chronic diseases, functional disability, and death among elderly individuals (3) . TNF-α and IL-6 are highly specific to stimulating myosin proteolysis of the heavy chain and synergistically contribute to the worsening of sarcopenia (6) .
To evaluate the health conditions in elderly individuals at risk of sarcopenia, it is necessary to quantify skeletal muscle mass using dual-energy X-ray absorptiometry (DXA), magnetic resonance imaging, and bioelectrical impedance analysis. Imaging methods offer the advantage of regional quantification of individual muscle mass (6) . In this context, it is appropriate to use specific tests for physical capacity evaluation in elderly individuals, according to the International Classification of Functioning, Disability and Health model proposed by the World Health Organization (WHO) (7). The sit-to-stand test (STS) using a chair and handgrip strength (HGS) have been identified as strong predictors of disability and sarcopenia in senescence (8) .
A widely used tool for estimating overall muscle strength in elderly individuals (9) , HGS has shown a positive correlation to self-perceived fatigue (10) and increasing plasma levels of IL-1, IL-6, and IFN-γ in elderly individuals (11, 12) . There is a statistically significant relationship between morbidity (13, 14) , longevity (15) , and emotional and overall health status and mortality (16, 17) . In contrast, the SST incorporates a routine activity performed in daily life, which provides important information on the muscle power of the lower limbs and balance (18) . Any changes in performance are correlated to falls (18) . Both tests are quick, easy to perform in clinical practice, and can be performed in a confined space. They measure muscle strength of the lower limbs (19) , functionality (20) , mobility (21, 22) , and accelerated decline in activities of daily living (ADL) (16) .
The direct clinical consequences of sarcopenia include physical and functional disability, decline in quality of life and independence (13) , and impaired performance of the ADL such as mobility (4) and gait speed. Physical disability is considered one of the worst consequences of aging, and its prevention is a research priority (3).
Given the impact of sarcopenia on the functional capacity of elderly individuals and the influence of inflammatory mediators on these changes, the aim of this study was to investigate the correlation between sarcopenia, as assessed by HGS and SST, and the IL-6 plasma levels. These complex interrelationships are significant for identifying sarcopenic individuals through their functional limitations, as well as determining the relationship between disability and the silent effects of inflammatory mediators during senescence. In addition, sarcopenic elderly individuals are at risk of age-related diseases, because of changes related to exacerbated immunosenescence. We hypothesized that HGS and STS results are related to changes in plasma levels of cytokines. However, if unverified, it would indicate that other factors such as specific sample characteristics may influence the relationship between the studied variables.
Materials and methods

Study design and ethical aspects
This observational cross-sectional included a sample of elderly women living in the city of Belo Horizonte. After approval by the ethics committee of UFMG (ETIC: 38/2010), all participants read and signed informed consent forms agreeing to participate in the study.
Subjects
The sample selection was conducted by convenience with the participants recruited from health centers and elderly social groups, and through publication in local newspapers (n = 130). The participants were aged ≥ 65 years, sedentary, and residents of the community.
The exclusion criteria were cognitive changes determined by the mini-mental state examination, considering the cut-off points proposed by Bertolucci et al. (23) (13 points, illiterate; 18 points, individuals with < 8 years of education; 26 points, individuals with ≥ 8 years of education); severe sensory changes that prevented test application; any type of inflammatory disease in the acute phase; neoplasia within the last 5 years; use of anti-inflammatory drugs or drugs targeting the immune system; and history of orthopedic surgery, fracture in the last 6 months, or amputation of the upper and lower limbs. One hundred and thirty-four elderly women underwent screening, among whom three were excluded (0.02%) because of cognitive impairment, whereas one (0.007%) had a history of neoplasia. Therefore, 130 participants were finally in the study.
Instruments
A sociodemographic and structured clinical and functional questionnaire was used to retrieve information on age, marital status, education, personal income, clinical conditions (i.e., comorbidity, number and type of medications, body mass index, pain complaint) through personal interviews conducted by trained researchers. HGS was measured using the JAMAR™ dynamometer, model PC5030JI, standardized by Rantanen et al. (14) , following the measurement recommendations by Figueiredo et al. (24) . Three maximum grip maneuvers were performed with the dominant hand, with one minute of rest between maneuvers. The average of the three measurements was reported in kilogram/force (kgf). High test-retest (r ≥ 0.80) and inter-rater (r ≥ 0.97) reliability was reported for HGS was measured using Jamar™ (24) .
Functional capacity of the elderly was evaluated by performing the SST. The women were seated in a 45-cm-high chair, with straight back without armrest, arms crossed over the trunk, hips and knees flexed at 90º, and feet flat on the floor. They were then instructed to stand up and sit down on the chair five times, each time at the highest possible speed. Meanwhile, the time spent in seconds to perform the task was recorded. Longer times to complete the task indicated worse functional capacity.
Procedures
For measurement of the serum IL-6 levels, 5 mL of blood was collected from the ulnar vein of the participants in vacutainers containing sodium citrate in a sterile environment. The procedure was performed by a qualified professional in the morning (between 8:00 and 10:00) to avoid the influence of circadian cycle changes. After collection, the vacutainers tubes were processed and centrifuged (Fanem) at 1,500 rpm for 15 minutes. The plasma was removed in a laminar flow using previously siliconized Pasteur pipettes, placed in sterile Eppendorf tubes, and stored in a freezer at -80 °C. IL-6 concentrations were analyzed using high sensitivity enzyme-linked immunosorbent assay kits (Quantikine HS, R&D Systems Minneapolis). The sample analysis was performed using a microplate reader set to 490 nm, with wavelength correction at 650 nm. The review process was conducted in the Pain and Inflammation Laboratory and Aging Studies, Department of Physiotherapy of UFMG.
Statistical analysis
Descriptive statistical analysis was performed using measures of central tendency (mean and median) and variability (range and standard deviation). The Kolmogorov-Smirnov test was used for distribution analysis of the normal data. Since both STS and IL-6 were not normally distributed, non-parametric tests were used for statistical analysis.
The Spearman correlation coefficient was used to verify the correlation between the STS results, HGS, and plasma levels of IL-6, considering a significance level (α) of 0.05. Statistical analyses were carried out using the Statistical Package for Social Sciences (SPSS; version 15.0, Windows environment).
Results
The age of the volunteers ranged from 65 to 84 years, with a mean of 71.13 (4.5) years. Most women were married (n = 50; 38.5%), overweight (n = 83; 64.3%) with a body mass index > 27 kg/m (2), and had low plasma IL-6 (mean 2.1 pg/mL) levels. The sociodemographic and clinical characteristics of the study sample and the mean HGS, STS results, and plasma IL-6 levels are presented in Tables 1 and  2, respectively. The results showed a significant inverse correlation between the HGS and STS results (r S = -0.273; p = 0.002), such that elderly women with lower HGS had worse performance on the STS (more time to complete the test). There was no significant correlation between the plasma IL-6 levels and HGS (r S = -0.043; p = 0.624) or SST (r S = -0.060; p = 0.501) results. (To be continued) 
Discussion
Aging-associated sarcopenia is a slow, progressive, and seemingly inevitable process. It directly influences the functional capacity of elderly individuals, and leads to a deterioration in health (3, 4, 13) . We found an inverse correlation between HGS and performance on the STS, which demonstrates that elderly women with lower muscle upper limb strength take longer time to perform the lower limb functional capacity test. A study by Visser et al. (25) previously investigated a sample of elderly patients aged > 65 years and found similar results. An association between decreased HGS and a longer STS time was observed after statistical adjustment for age and height.
Decreased HGS has been previously identified as strong biomarker for aging (12, 16, 20) , indicating a negative impact of muscle strength loss on functional capacity (26) . This measure provides an approximation of total body muscle force as it correlates with elbow flexion strength, extension force of the leg, and trunk strength (9) .
There is an association between reduced HGS and difficulty in performing ADL (27) . HGS appears to be an interesting predictor of mobility reduction. An investigation of 2,646 elderly participants, aimed at evaluating HGS to predict limitation in mobility among individuals aged ≥ 55 years, revealed that a 21 kgf cut-off point (67% sensitivity and 73% specificity) was sufficient for determining women at risk of deterioration in mobility (21) . Similarly in a study including 904 healthy elderly individuals aged 67-84 years, Choquette et al. (22) and Visser et al. (25) revealed a positive correlation of mobility with HGS and running speed. According to Sallinen et al. (21) , the linear relationship between muscle strength and mobility is better detectable among frail elderly individuals.
Studies indicate that muscle strength of both lower and upper limbs can be affected by the increase in IL-6 levels (11) . Studies that assessed the correlation between knee flexion and extension strength using isokinetic dynamometer, gait speed, functional capacity test (STS), and plasma levels of IL-6, confirm that there is a negative correlation between these cytokines and the worst HGS torque peaks in elderly individuals. Unlike functional tests of gait speed and sitting and standing, there was no correlation (26) demonstrated, indicating that functionality encompasses a harmonious integration of various sensory motor systems and not only muscle tissue. Furthermore, results of the study by Oliveira et al. (26) indicated a catabolic action of inflammatory cytokines on muscle fibers. A study by Lustosa et al. (27) that assessed muscle strength with an isokinetic dynamometer (considered the gold standard tool for this measure) revealed an association between increased inflammatory cytokines and low muscular and functional performance in elderly individuals. It also demonstrated that exercise interventions may reverse the state of increased production of these cytokines. Increased levels of inflammatory mediators, particularly IL-6, have been associated with reduction in HGS among elderly women (11) .
However, in our study, it was evident that there was no statistically significant correlation between IL-6 levels and HGS and STS results. One possible explanation is that the levels of this cytokine did not reach the threshold required to affect HGS and on the STS. Findings on the significance of IL-6 levels in the elderly population are conflicting. Cesari et al. (28) found that levels > 1.73 pg/mL were predictive of decreased muscle strength and functional capacity in older adults, whereas other authors report that IL-6 levels > 2.5 pg/mL or > 3.1 pg/mL were predictive of functional limitations (5, 29) . In the present study, the mean serum IL-6 level was 2.1 pg/mL. The conflicting results observed in studies are probably due to the differences in sample characteristics, such as comorbidities, socioeconomic status, education level, and physical activity level. In this study, we selected elderly individuals, who despite being sedentary were active and performed ADL independently. The literature suggests that physically active individuals, although sedentary, lave lower plasma IL-6 concentrations.
The limitations of this study include the convenience method of sampling and inclusion of only female participants, which limit external validity and prevent generalization of results. In addition, the crosssectional design does not allow causal inferences about the relationships between the studied variables.
Conclusion
This study showed a significant and inverse correlation between HGS and performance on the sitto-stand test in elderly women. With the use of these simple and inexpensive tests, we could monitor the decrease in muscle strength and functional capacity, two variables that can be indicative of sarcopenia in elderly individuals when diminished. Plasma IL-6 level showed no significant correlation with HGS and SST. Future studies that control for the factors that influence the production of inflammatory markers, such as physical activity level, are needed to broaden the understanding of the effect of IL-6 on muscle strength and functional capacity of functionally independent elderly individuals.
